Purpose. To develop evidence-based performance indicators that measure the quality of primary care for asthma.
Introduction
Asthma is the most common chronic respiratory disease in Canada, accounting for 80% of chronic respiratory diseases and affecting 8.4% of the population [1] . There is general agreement that asthma is an 'ambulatory care sensitive condition', such that good outpatient management should result in decreased hospitalizations [2 -5] . Inadequate control of asthma can be costly. In 1998, the major direct health care costs (hospital care and drug expenditures) for
International Journal for Quality in Health Care vol. 22 no. 6 # The Author 2010. Published by Oxford University Press in association with the International Society for Quality in Health Care; all rights reserved 476 asthma totalled over $402 million, although the use of other health services (i.e. visits to a general practitioner, specialist and emergency department) contributed 21% to the total cost [6, 7] . More recent data suggest that over $162 million was spent on treating uncontrolled asthma in Canada in 2004 [8] .
Despite well-established management guidelines, variations in quality of asthma care are common in primary care settings [9] [10] [11] . There is a need to identify effective quality improvement strategies to ensure safe delivery of high-quality services. Community-based performance indicators (or quality of care indicators) can help identify barriers to, and enablers of, the development, dissemination and uptake of clinical guidelines for asthma management. However, to date, there has been no comprehensive national or provincial programme to monitor chronic respiratory disease patterns, assess respiratory disease burden on the healthcare system, or determine the impact of changes in health system/policy on respiratory health outcomes [12] . Performance indicators specific to chronic respiratory disease management currently do not exist at the national level, the values of which would suggest one or more dimensions of quality of care that are potentially amenable to change by the provider or the health system. Although some information is available on the burden of asthma, systematic data are missing for ascertaining trends in incidence and prevalence, use of healthcare resources, or specific healthcare costs in various age groups, across geographical areas and over time. Although there are asthma care performance indicators focused on therapy, the lack of patient-specific data (such as asthma control, adherence and response to therapy) has made evaluation of asthma care guideline implementation difficult [11, 13 -17] . Measuring these factors at the patient level is necessary for constructing performance indicators that provide more meaningful information to clinicians, researchers, policy makers and health care planners for developing strategies to improve asthma care. The purpose of this study was to develop evidence-based asthma performance indicators that can be used to measure the quality of community and primary care for asthma, taking into consideration patient characteristics.
Methods
A modified RAND Appropriateness Method was used, which has characteristics of both the Delphi and Nominal Group Techniques and has been described as the only systematic method to combine expert opinion and evidence [18 -21] . It consists of a literature review, an initial independent assessment of indicators by panellists using a mailed survey, followed by a face-to-face expert panel consensus meeting [22] . Ethics approval for this study was received from the Research Ethics Boards of The Hospital for Sick Children, Toronto, Ontario, Canada.
Modified systematic literature review
Peer-reviewed literature published between 1998 and 2008 in English was identified from Cochrane Database of Systematic Reviews, MEDLINE, EMBASE and Cumulative Index to Nursing and Allied Health Literature (CINAHL). The search strategy was to retrieve a comprehensive list of articles that focus on the question, 'What are the current asthma performance indicators recognized or used in community and primary care settings?'.
Key text words were used to reflect the quality of asthma primary care in five domains: access to care, clinical effectiveness, patient centeredness, system integration and coordination and patient safety [23 -25] . The following key words were used: asthma, primary health care, health status indicators, health services needs and demand, health services accessibility, outcome and process assessment (health care), quality indicators, clinical effectiveness, clinical indicator, performance measurement system, treatment outcome, practice guideline, clinical competence, guideline adherence, physician -patient relations, patient satisfaction, patient compliance, patient attitude, patient participation, patient dropouts, treatment refusal and patient education. A keyword search of grey literature (defined as, 'information produced on all levels of government, academia, business and industry in electronic and print formats not controlled by commercial publishing, i.e. where publishing is not the primary activity of the producing body') [26] databases was also performed by an experienced medical research librarian.
A standard data abstraction form was used to summarize the review. The strength of the supporting evidence for each indicator was assessed and categorized into five levels based on a common system used by most national guidelines [27 -29] . Level I indicates evidence based on randomized controlled trials (RCT) (or meta-analysis of such trials) of adequate size to ensure a low risk of incorporating falsepositive or false-negative results. Level II indicates evidence based on the RCT that are too small to provide level I evidence. Level III indicates evidence based on non-RCT research studies. Level IV indicates evidence based on the opinion of respected authorities or expert committees as indicated in published consensus conferences or guidelines. Level V indicates evidence based on the opinions of those who have written and reviewed the guidelines, based on their experience, knowledge of the relevant literature and discussion with their peers. Full-text articles that did not suggest specific performance indicators or did not provide supporting evidence for the suggested indicators were excluded.
Expert panel assembly
Nominations of expert panellists were requested from national and provincial professional organizations and stakeholder groups from which a panel comprised of 17 experts (three respirologists; two of each allergists, family physicians, paediatric respirologists, general paediatricians and pharmacists; one of each an emergency department physician, nurse, respiratory therapist and asthma educator) was assembled. Panellists represented diverse geographic regions (urban and rural), practice types (solo/group practice and health service organization), payment methods (fee-for-service and globally funded) and settings (community and academic).
Mailed survey
A survey was created and mailed to all panellists asking them to rate each indicator on five criteria items (Fig. 1) . Panellists rated each item on a 9-point Likert scale, where '1' indicates strongest disagreement and '9' strongest agreement. The five items were: (i) evidence supports a link between the indicator and positive patient outcomes, (ii) the indicator will drive quality improvement in primary care, (iii) the indicator will increase healthcare accountability at the primary care level, (iv) the indicator can detect current gaps in primary asthma care and (v) overall, the indicator has strong utility for asthma quality of care assessment. The panellists were encouraged to consult the evidence table provided for each of the 45 indicators which contained a short summary of the evidence from the literature along with the level of evidence. A list of references used to develop the indicator was also Figure 1 Sample page from mailed survey to expert panellists.
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provided and panellists could contact the research group to obtain copies of the papers. In addition, panellists were also asked whether data are currently available and whether risk adjustment (including age and sex) is required.
Analysis
Means and medians of the Likert scores from the mailed survey were calculated for each criteria item, and percentage distributions of agreement were generated. For each item, the scores of 7 -9 were categorized as 'agreement', 1 -3 as 'disagreement' and 4-6 as 'neutral'. Agreement among panellists was assessed with a disagreement index, which was calculated as the 30 -70% interpercentile range divided by the interpercentile range adjusted for symmetry, as defined by the RAND working group [22] . This disagreement index describes the dispersion of individual scores. According to the RAND method, index values .1 indicate disagreement.
Face-to-face expert panel consensus meeting
Twelve of the 17 panellists attended the 1-day face-to-face meeting held in Toronto, Canada in December 2008, 1 month after they returned their completed survey. Three panellists, whom did not attend in person, participated in the process through pre-meeting interviews and post-meeting voting. Two panellists (family physician and general paediatrician) were unable to attend the meeting nor participate in post-meeting voting due to scheduling conflicts. Before the meeting, panellists were given an anonymized summary of the scores from their initial rating of the indicators identified from the systematic literature review. At the meeting, panellists discussed openly their views of each indicator followed by a second round of indicator ranking. This final round was a YES/NO rating based on a composite of characteristics: reliability, validity, availability and feasibility of the indicator. Those indicators with seven or more votes (i.e. voted by at least 50% of the panellists) were recommended for future implementation.
Results

Modified systematic literature review
A total of 1228 abstracts were identified through the literature search and were assessed by a single reviewer (Fig. 2) . Only 329 abstracts were considered relevant to the current study and retrieved for full-text review. A random sample of 30 abstracts was reviewed independently by a second reviewer to determine the reliability of the review process. The inter-ratter reliability was 86.7%. Five clinician experts then reviewed the 329 full-text articles, 4 national (Canada, Australia, Britain, USA) and 1 global asthma management guidelines (Global Initiative for Asthma, GINA). Of these, 135 full-text articles and 5 guidelines provided supporting evidence for specific asthma performance indicators and were used to generate the initial set of 45 indicators (Table 1) . A list of citations for the full-text articles and guidelines can be made available. 
Initial ranking of indicators
Final ranking of indicators
At the Delphi consensus conference, a second round of indicator ranking by the expert panel took place. Results of the ranking identified 15 indicators which were voted by at least 50% of the panellists ( Table 2) . Some of the original names 
Discussion
This study uses a modified Delphi approach to generate asthma-specific performance indicators based on evidence and expert opinion. The set of indicators generated measures Figure 3 Initial ranking on overall utility, of the 45 asthma primary care performance indicators generated from the mailed surveys. various aspects of primary care for asthma: prevention, promotion, chronic care, interaction with patients and collaboration with other health care sectors. The need for practical and affordable quality assessment measures for asthma primary care is well recognized [15] . However, previous studies either focused on primary care in general, or developed asthma performance indicators based on published guidelines and expert opinion only [11, 13 -15] . Two major strengths of the current study were: first, its asthma-specific focus and its rigorous analysis of the literature supporting each indicator; and secondly, our expert panel was composed of health care providers from various settings who serve patients from diverse socio-demographic backgrounds. Whereas asthma organizations were not represented on the panel, they contributed to the process by nominating experts. Asthma patients on the other hand were not included in any of the stages of indicator development. Careful selection of the panel is paramount to reaching consensus [30] , and even though organizations and patients could contribute their views regarding asthma care, a panel of clinical experts was needed to assess the indicators and discuss using levels of evidence and their tacit knowledge from years in clinical practice.
Although some asthma quality indicators have been previously identified, few have been tested for their feasibility in real world settings [14, 15] . Some groups have only implemented one asthma-specific indicator within a larger set of other health indicators, such as 'diagnosed asthma patients filling a prescription for long-term control', for the Indicators of Quality in Family Practice developed by the Manitoba Centre for Health Policy and asthma mortality rate for the Health Care Quality Indicator (HCQI) Project of the Organization for Economic Cooperation and Development (OECD) [24, 31, 32] . Even though these indicators were compared across jurisdictions or countries, the quality of asthma care cannot be accurately assessed using such indicators. In the province of Saskatchewan, Canada, the Health Quality Council developed six asthma quality of care indicators to measure asthma control [33] . Since administrative datasets were to be used to populate those indicators, asthma control was measured by proxy, with five of the indicators focusing on medication use, as opposed to only two of the final set of 15 in our current study. The set of indicators most similar to the final set of 15 generated by this study is from the Australian Centre for Asthma Monitoring. In 2000, they developed an indicator-based monitoring system in which 24 indicators were used for data collection and monitoring [34, 35] . Through a Delphi survey conducted in 2008, the original 24 indicators were reduced to 10 [36] . These 10 indicators measure: prevalence of current asthma, deaths, hospitalization due to asthma, asthma control, general practice encounters, use of asthma action plans, quality of life, preventer use and costs of asthma [37] . Evaluations on the usefulness of these indicators in measuring performance of asthma care are currently unavailable. These indicators have not yet been recommended to be used by other countries as the definitions of indicators are still being tested for general applicability.
Our experts agreed on the many challenges in implementing performance indicators in primary care, particularly on data availability and data quality [11, 14, 15] . For example, a lack of documentation of details in patient care activities such as assessment of asthma severity and asthma education can lead to inaccurate measurement of quality of care [14, 15] . Inconsistent documentation can also undermine comparisons between physicians and practices [14] . Tackling such issues is not simple, owing to the reality that primary care settings are often busy, crowded with patients, and run by overworked staff struggling to meet the needs of regular medical care. In addition, there are potential confidentiality and cost challenges. As a result, it is unrealistic to expect that traditional primary data collection methods (i.e. surveys, medical chart audits or direct observations) will be used as a source of longitudinal data to monitor quality of primary care [11] . Therefore, integrating the recommended asthma care performance indicators with electronic medical record systems and using health administrative data will be crucial to the success of implementation and evaluation.
Another challenge in measuring the quality of asthma care is appropriate interpretation of results for benchmarking. Patient characteristics (such as age, gender and socioeconomic status) often differ among primary care practices, which may affect providers' practice patterns. One common approach to correct for such potential bias is sub-group analysis. For example, pulmonary function tests cannot be conducted on young children (i.e. aged ,5 years). Therefore, comparisons of indicators involving pulmonary function testing (such as regular pulmonary function monitoring) should be limited to only primary care practice subpopulations that are aged 5 years or older. Another common analytical approach to correct for bias due to differences in patient characteristics is risk adjustment. For instance, patients with a drug plan may have better access to asthma medications and therefore may use medications more frequently than patients without a drug plan. Therefore, adjusting for drug plan enrolment status will be essential when measuring indicators such as, Appropriate use of Controller Medication. Collecting patient-level data such as those mentioned above will allow us to make appropriate comparisons among primary care practices and to generate more informative feedback to help identify barriers to, and enablers of, the development, dissemination and uptake of clinical guidelines for asthma management.
These asthma performance indicators will provide comparable and standardized information on respiratory health outcomes over time and across populations. They can be incorporated into population-based longitudinal surveillance systems in order to support regional health authorities monitor the effectiveness and impact of health policies and programmes that aim to improve respiratory health and provide effective, accessible and quality healthcare and may also serve as standard parameters in programme evaluation. These indicators can assist in the identification of potential prevention and management strategies and can be used to monitor progress towards targets. The challenge moving forward is to ensure common definitions are used and uniform data collected using these indicators. Long-term monitoring of the burden of asthma can be guided by this common set of indicators, and trends can then be assessed and interpreted in conjunction with health programmes and policies implemented.
It is conceivable that different panels studying the same issues may produce systematically different judgments that may be attributable to their demographical differences (e.g. age, sex, education and years of practice). Although it is useful to stratify results by panellist's demographic factors, we were limited by a relatively small panel of 17 members. Any stratified analysis will therefore not likely be statistically meaningful. However, for future research, it would be advantageous to control for the panel's background in order to control for potential confounding.
Although the set of asthma performance indicators we identified represent a general consensus on quality asthma care and its measurement from the perspective of the health care provider, they need to be tested prior to being adopted for wide implementation at a population level. Future research should focus on implementation and evaluation of these indicators in order to address issues related to their relevance to primary care, robustness to gaming, reliability in measuring clinical care or management, responsiveness to change and feasibility for data collect (or implementation). These recommended key indicators can form the methodological basis or model for determining the current status of asthma health and healthcare, conducting comparative analyses to assess performance, and establishing benchmarks for optimal health service delivery for the population suffering from asthma.
